Ultrafast time-resolved optical measurement is a powerful technique to generate and detect coherent phonons. [1] [2] [3] In absorbing materials, coherent phonon is generated through a displacive excitation of coherent phonon process, 3 which was shown to be a special case of impulsive stimulated Raman scattering. 4, 5 In this study, we investigated coherent phonons in V 2 VI 3 compounds ͑V = Bi, Sb; VI= Se, Te͒, Bi 2 Te 3 and Sb 2 Te 3 , which are narrow band-gap semiconductors. These materials are used as thermoelectric materials partly due to their low thermal conductivity. 6 Recently, it was found that thermal conductivity in Bi 2 Te 3 / Sb 2 Te 3 superlattice structure is greatly reduced, even compared to its corresponding alloy, in the cross-plane direction. 7 A fundamental understanding of thermal conductivity reduction in the Bi 2 Te 3 / Sb 2 Te 3 superlattice structure is important due to its enhanced thermoelectric figure of merit. 8 It has been suggested that the thermal conductivity reduction results from interface scattering of phonons 9, 10 as well as other processes. 7 Even so, there has been no documented evidence of reduction in phonon lifetimes, coherent or otherwise, that would begin to substantiate the basis of such thermal conductivity reduction in nanoscale structures. In this letter, we present ultrafast time-resolved measurements of coherent optical phonons in Bi 2 Te 3 , Sb 2 Te 3 , and Bi 2 Te 3 / Sb 2 Te 3 superlattice, with the aim to reveal coherent phonon lifetimes in the superlattice. Ultimately, acoustic phonons need to be characterized and correlated with the thermal transport properties. Measurement of acoustic phonons in superlattice is possible since the zone-folded acoustic phonons can be optically excited.
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All the experiments were performed in a standard collinear two-color ͑400 and 800 nm͒ pump-probe scheme. Laser pulses with 50 fs full width at half maximum are generated by an ultrafast laser system with the center wavelength at 800 nm, a repetition rate of 1 kHz, and a maximum pulse energy about 1 mJ. A second harmonic crystal is used to generate the pump pulses centered at 400 nm. The pump and probe beams are focused onto the sample at normal direction with diameters of 80 and 20 m, respectively. superlattices show strong satellites in x-ray diffraction studies, negligible static disorder as measured by x-ray absorption spectroscopy, and also show high thermoelectric figure of merit. Figure 1 shows time-resolved reflectivity signals at a number of pump fluences and their Fourier transforms. The experimental data consist of the following two components: the oscillatory components, which are the coherent phonon vibration, and the nonoscillatory components, which are related to electron excitation ͑initial drop in reflectivity͒ and lattice heating due to electron-lattice coupling ͑the second drop around 10 ps or so͒. 13 One observation from Figs. 1͑b͒, 1͑d͒, and 1͑f͒ is the two frequency components of coherent phonon vibration for each sample, corresponding to the two A 1g modes ͑a low-frequency component-A 1g 1 mode and a high-frequency component-A 1g 2 mode͒. These modes were also observed in Raman scattering experiments, 14 but have not been reported in any previous time-domain experiments in literature. Table I summarizes the results from both Raman scattering and pump-probe experiment. It is seen that the vibration frequencies of the low and high-frequency A 1g modes for both Bi 2 Te 3 and Sb 2 Te 3 samples agree well with the Raman measurement results carried out in their respective bulk materials. The two modes observed in the superlattice are very close to that in Sb 2 Te 3 ͑Raman data are not available for the bulk superlattices from literature͒. That is, we did not observe frequency of Bi 2 Te 3 -the coherent phonon modes of Bi 2 Te 3 could be suppressed or dissipate at a much faster rate ͑see discussions below͒.
The oscillatory and nonoscillatory components can be separated by applying a digital low-pass filter on the experimental data. The signal of coherent phonon for all the samples, shown in Fig. 2 
where A is the amplitude of coherent phonon vibration and Q 0 is the normalized coordinate of coherent phonon. Q 0 can be modeled as a chirped damping harmonic oscillator:
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where ⌫, ⍀, ␤, are phonon scattering rate, angular frequency, chirping coefficient, and initial phase of phonon vibration, respectively. Since the vibration for the A 1g 2 mode is much weaker and decades much faster than the A 1g 1 mode, its contribution in the fitting process is negligible. Therefore, in the model and the discussion below, we only consider the contribution from the A 1g 1 mode. One observation from Fig. 2 is that at the same laser fluence, the initial amplitudes of coherent phonon oscillations in the superlattice are a factor of 2-3 smaller than those in either Bi 2 Te 3 or Sb 2 Te 3 films. On the other hand, it is seen from Fig. 1 that the initial electron excitation ͑the initial reflectivity drop͒ for all samples, including the superlattice are close at the same laser fluence, indicating that the laser energies absorbed by the two components as well by the superlattice are similar. Therefore, the weaker phonon oscillation in the superlattice could be caused by a weaker coupling between electrons and the lattice in Bi 2 Te 3 or by rapid quenching of coherent phonons in Bi 2 Te 3 in a superlattice structure, which are supported by the phonon frequency measurement. The weaker electron-lattice coupling could also be aided by the electrons and holes, forming a miniband in a superlattice. 8 In any case, the absence of coherent phonons from the minority component of the superlattice and the overall initial amplitude are telling of interesting physical phenomena that warrant further investigations.
The phonon scattering rate-the inverse of coherent phonon dephasing time fitted from Eq. ͑2͒-has a linear dependence on the pump fluence, as shown in Fig. 3 . At higher laser fluences, photoexcited electrons contribute to the process of shortening coherent phonon lifetime or increasing the scattering. After photon excitation, the excited electrons release their excess kinetic energy by emitting incoherent phonons. Both the photoexcited electrons and the resulting incoherent phonons have a linear dependence on pump fluence, which results in the linear dependence of scattering rate on pump fluence. If the linear relation between the pump fluence and the scattering rate is extrapolated to the zero pump fluence, the phonon scattering rate under no excitation condition ͑⌫ 0 ͒ is obtained. 
